Structural consequences of the replacement of Glu239 by Gln in the catalytic chain of Escherichia coli aspartate transcarbamylase.
Low-angle X-ray scattering in solution has been used to probe the quaternary structure of a mutant version of Escherichia coli aspartate transcarbamylase in which Glu239 of the catalytic chain was replaced by glutamine by site-directed mutagenesis. X-ray crystallographic studies of the wild-type enzyme have shown that one set of intersubunit interactions involving Glu239 are lost, and are replaced by another set of intrachain interactions when the enzyme undergoes the allosteric transition from the T to the R state. Functional analysis of the mutant enzyme with glutamine in place of Glu239 indicates that homotropic co-operativity is lost without altering the maximal specific activity. The radius of gyration of the unligated mutant enzyme is larger than the unligated wild-type, indicating an alteration in quaternary structure of the mutant. However, the radius of gyration of the mutant enzyme in the presence of N-(phosphonoacetyl)-L-aspartate (PALA) is identical with the value for the wild-type enzyme in the presence of PALA. X-ray scattering at larger angles indicates that the mutant enzyme is in a new structural state different from the wild-type T and R structures. The scattering pattern in the presence of saturating concentrations of PALA is identical with that of the wild-type R structure. Saturating concentrations of carbamyl phosphate alone are sufficient to convert most of the mutant enzyme to the R structure, in the absence of aspartate. CTP shifts the scattering pattern of the mutant enzyme in the presence of saturating carbamyl phosphate towards the scattering curve of the unligated enzyme, but CTP has no effect on the scattering curve in the absence of carbamyl phosphate or in the presence of subsaturating PALA. However, in the presence of subsaturating PALA, ATP causes a strong shift towards the R structure. Neither ATP nor CTP has any effect on the activity of the mutant enzyme. These data suggest that the replacement of Glu239 by glutamine results in a new quaternary structure. These data also explain, on a structural basis, why co-operativity is lost in this mutant enzyme.